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©  method  for  producing  a  solderable  finish  on  metal  frames  for  semiconductors. 

wires  are  bonded  or  cold  welded  to  said  further  parts 
of  the  leadframe.  Prior  to  mounting  the  chip  on  the 
leadframe  there  is  provided  on  the  leadframe  a  sol- 
derable  coating  consisting  of  an  alloy  of  palladium 
and  silver  having  a  palladium  content  of  10-90%  by 
weight. 

©  The  invention  relates  to  a  method  for  producing 
a  solderable  finish  on  leadframes  to  be  used  for  the 
manufacture  of  integrated  circuits  or  other  semi  con- 
ductor  components  and  made  by  attaching  a  chip  to 
the  leadframe  and  by  connecting  the  chip  by  means 
of  thin  wires  to  further  parts  of  the  leadframe.  Said 
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Method  for  producing  a  solderable  finish  on  metal  frames  for  semiconductors 

Applying  tin  or  tin  lead  coatings  in  the  de- 
scribed  manner  represents  an  important  cost  fac- 
tor. 

Moreover  danger  exists  of  acid  or  other  chemi- 
5  cals  being  trapped  in  the  capillary  spaces  between 

metal  of  the  leadframe  and  plastic  encapsulation 
which  ultimately  will  lead  to  failure  of  the  prod- 
uct.Coating  the  areas  of  the  leadframe  that  require 
solderability  with  tin  or  solder  before  die  attach  is 

10  impracterical  for  several  reasons. 
Firstly  tin  and  solder  are  very  soft  met- 

als.Applying  such  coatings  before  die  attach  and 
subsequent  operations  would  result  in  considerable 
damage  of  the  soft  coatings  which  would  make  the 

75  final  components  unsuitable  for  use. 
Further  ,  a  certain  distance  must  be  maintained 

between  the  selective  precious  metal  coating  and 
the  tin  or  solder  covered  area,  to  avoid  undesirable 
intermetallic  reactions.This  introduces  the  danger 

20  that  the  outer  lead  area  outside  the  plastic  encap- 
sulation  will  not  have  been  completely  coated  with 
tin  or  solder. 

The  carrier  rails  which  during  manufacture 
serve  as  interconnection  between  the  individual 

25  leadframes  are  also  used  for  guiding  the  compo- 
nents  during  subsequent  assembly  oper- 
ations.Transportations  of  tin  or  solder  coated  carrier 
rails  along  guides  in  assembly  operations  will  result 
in  contamination  of  the  guides  with  tin  of  tin  lead 

30  and  prevent  smooth  transport  of  the  leadframe 
strip. 

Finally  during  assembly  frames  are  exposed 
during  longer  periods  to  temperatures  of  160- 
200°C.However  the  preferred  eutectic  solder  alloy 

35  of  60%  tin  40%  lead  has  a  melting  point  of  180° 
which  makes  application  of  this  alloy  practically 
impossible.A  pure  tin  coating  with  a  melting  point 
of  232°C  would  be  possible.however,  solderability 
of  such  a  tin  coating  would  seriously  suffer  by 

40  formation  of  copper-tin  intermetallics  during  the 
prolonged  exposure  to  hig  temperatures  during  as- 
sembly. 

In  EU-A-0,1  32,596  a  method  is  disclosed  to 
coat  leadframes  made  of  nickel-iron  alloy  (alloy  42) 

45  with  an  extremely  thin  layer  of  nickel  and  subse- 
quently  with  equally  thin  layers  of  precious  metal, 
such  as  gold  silver,  palladium  or  their  alloys.  Use  of 
gold  is  prohibitive  for  cost  reasons. 

Use  of  silver  is  undesirable  ,  since  silver  on 
so  leadframes  outside  the  plastic  encapsulation  tends 

to  migrate  over  plastic  surfaces  and  can  therefore 
ultimately  cause  electrical  shorts. 

Furthermore  the  method  disclosed  in  EU-A- 
0,1  32,596  is  as  stated  only  suitable  for  nickel-iron 
alloys  which  are  bad  heat  conductors.lt  cannot  be 

The  invention  relates  to  a  method  for  producing 
a  solderable  finish  on  leadframes  to  be  used  for  the 
manufacture  of  integrated  circuits  (IC's)  or  other 
semiconductor  components  as  described  in  the 
pre-characterising  part  of  claim  1  .Such  components 
are  made  by  first  attaching  a  chip  to  the  lead- 
frame.also  called  die  bonding,  followed  by  connect- 
ing  the  chip  with  thin  wires  by  means  of  bonding  or 
cold  welding  to  those  parts  of  the  leads  of  the 
frame  adjacent  to  the  chip. 

The  leadframe  used  for  the  manufacturing  of 
the  IC's  or  the  like  are  obtained  by  stamping  these 
frames  from  metal  strip  stock  ,  the  metal  being 
alloys  of  nickel  iron,  copper  iron  and  similar  copper 
alloys.The  stamping  operation  is  usually  carried  out 
in  such  a  way  that  the  individual  leadframes  are 
still  attached  to  one  another  to  facilitate  further 
treatment  of  the  leadframes. 

In  most  cases  the  area  designated  for  attaching 
the  chip  -the  bonding  pad-and  those  parts  of  the 
leads  of  the  leadframe  directly  adjacent  to  the 
bonding  pad  require  a  selectively  plated  coating  of 
a  precious  metal  to  provide  for  easy  chip  and  wire 
bonding.  For  eutectic  chip  or  die  bonding  gold  is 
preferred  as  a  plated  coating  ,  for  epoxy  die  attach 
silver  is  almost  universally  used. 

Equipment  for  selectively  plating  areas  of  lead- 
frames  with  precious  metal  is  disclosed  in  Eu- 
ropean  patent  0,060,591  . 

After  die-attach  of  the  chip  on  the  bonding  pad 
the  lead  ends  of  the  leadframe  adjacent  to  the 
bonding  pad  are  connected  with  the  chip  by  cold 
welding  or  bonding  of  thin  metal  connecting 
wires.This  process  is  called  wire  bonding. 

After  these  assembly  operations  chip 
.connecting  wires  and  lead  ends  are  encapsulated 
in  plastic  forming  a  package  in  such  a  manner  that 
the  parts  of  the  leads  of  the  leadframe  not  adjacent 
to  the  chip  -the  outer  leads-  protrude  outside  the 
package. 

To  make  reliable  connections  to  the  leads  out- 
side  the  package  it  has  been  hitherto  standard  to 
apply  a  tin  or  solder  coating  to  these  outer  leads  to 
guarantee  good  solderability  of  these  parts  when 
mounted  on  a  printed  circuit  board  or  the  like. 

Before  a  coating  of  tin  or  tin  lead  can  be 
applied  however,  oxyde  layers  formed  during 
above  mentioned  operations  on  the  metal  surface 
of  the  outer  leads  protruding  outside  the  package 
must  be  removed.This  is  generally  achieved  by 
exposure  of  such  outer  leads  to  warm  acid  solu- 
tions  ,  e.g.  sulfuric  or  hydrochloric  acid.Only  after 
removal  of  such  metal  oxyde  surface  coating  can  a 
reliable  tin  or  solder  layer  be  applied  by  hot  dip 
tinning  or  electroplating. 
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specified. 
In  a  next  operation  a  chip  can  be  attached  to 

the  bonding  pad  5  whereafter  the  ends  of  leads  3 
which  are  adjacent  to  bonding  pad  5  in  the  hatched 

5  area  A  can  be  connected  by  wire  bonding  with 
designated  points  of  the  chip.  In  a  further  assembly 
operation  chip  and  wire  bonds  comprising  hatched 
area  A  are  encapsulated  in  plastic. 

For  subsequent  assembly  in  e.g.  a  printed  cir- 

70  cuit  board  the  component  formed  by  a  leadframe 
and  encapsulated  chip  must  be  seperated  from  the 
carrier  rails  1  and  2  and  from  adjacent  components 
to  enable  connection  by  leads  3'  of  4  to  the  circuit 
on  the  printed  circuit  board  by  a  soldering  opera- 

75  tion  .  Because  leads  3'  and  4  were  plated  with  a 
palladium  silver  alloy  perfect  solderability  is  guar- 
anteed. 

Good  results  in  practical  operation  can  be  ob- 
tained  with  alloys  containing  10-90%  by  weight 

20  palladium  ,  the  remainder  being  silver  ,  with  a 
thickness  of  0.05  micrometer  minimum.preferably 
however  0.1-0.15  micrometer.Larger  thicknesses 
are  also  satisfacorily,  but  are  for  economic  reasons 
less  interesting. 

25  Copper  alloys  ,  such  as  copper  iron  ,  are 
preferably  first  plated  with  nickel  before  palladium 
silver  is  put  on.The  nickellayer  thickness  should  be 
minimum  0.5  micrometer  preferably  between  1  and 
2  micrometer.Larger  thicknessess  are  also  fully  sat- 

30  isfactorily,  but  in  view  of  the  low  ductility  danger 
exists  for  crack  formation  if  products  have  to  be 
bend  in  assembly  operations. 

Best  resuluts  have  been  obtained  with  an  alloy 
containing  30%  palladium  and  70%  silver  plated  to 

35  a  thickness  of  0.1-0.15  micrometer  on  a  nickel 
underlayer  if  the  base  material  was  a  copper  al- 

loy  .Also  after  accelerated  ageing  such  as  described 
in  the  test  specification  B.S.  1872  -  the  Dry  Heat 
test  -  solderability  of  such  coatings  was  perfect. 

40  The  invention  has  been  desribed  above  for 
palladium  silver  alloy  plating  of  stamped  lead- 
frames.but  it  will  be  clear  that  other  components  or 
leadframes  manufactured  by  other  methods  such 
as  photo-chemical  milling  are  included  in  the  meth- 

45  od  of  this  invention. 

used  for  copper  based  alloys. 
In  practice,  coatings  as  disclosed  in  EU-A- 

0,132.596  are  solderable  only  when  freshly  pre- 
pared  ;  solderability  however  deteriorates  rapidly 
upon  ageing  and  almost  instantly  upon  accelerated 
ageing. 

Therefore  a  need  exists  still  in  the  semiconduc- 
tor  industry  to  be  provided  with  leadgrames  or 
similar  semi  conductor  elements  having  a  soldera- 
ble  coating  before  assembly. 

According  the  invention  this  can  be  obtained 
when  prior  to  mounting  the  chip  on  the  leadframe 
there  is  provided  on  the  leadframe  a  solderable 
coating  consisting  of  an  alloy  of  palladium  and 
silver  having  a  palladium  content  of  10-90%  by 
weight. 

It  was  surprisingly  found  that  even  relatively 
thin  coatings  of  a  palladium  silver  alloy  also  after 
accelarated  ageing  showed  perfect  solderability  . 
The  palladium  silver  alloys  were  further  of  a  hard- 
ness  which  will  completely  eliminate  the  risk  of 
contamination  of  guides  during  assembly  transport. 

Electroplating  of  palladium-silver  alloys  in  itself 
is  known  from  several  patents.  US-A-4,465,563  - 
4,478,692  -  4,741,818  disclose  bath  formulations 
for  plating  palladium  silver  alloys.Another  bath  for- 
mulation  is  disclosed  in  DE-A-3,609,309.Also  var- 
ious  publications  describe  plating  bath  formulations 
and  applications  of  palladium  silver  alloys  ,  e.g. 
Metal  Finishing  (USA)  Januari  1986,page  55 
etc.Plating  and  Surface  Finishing  (USA)  June  1986 

page  88  etc.  and  Galvanotechnik  (German) 
1987,nr.  6  ,  page  1570  etc. 

All  patents  and  publications  referred  to  above 
deal  with  solution  compositions,  working  conditions 
and  the  technology  of  palladium  silver  alloy  plating 
in  general  .  The  publication  in  Plating  and  Surface 
Finishing  refers  further  to  the  application  of  pal- 
ladium  silver  as  a  replacement  for  gold  on  connec- 
tors. 

None  of  these  publications  refers  to  the  ap- 
plication  of  palladium  silver  alloys  in  the  sense  of 
the  object  of  this  invention. 

The  drawing  which  forms  part  of  this  descrip- 
tion  shows  a  part  of  a  metal  strip  with  stamped 
leadframes.which  are  interconnected  by  carrier  rails 
1  and  2  .  Each  leadframe  has  a  number  of  leads 
3,4  and  a  bonding  pad  5  for  die  attaching  of  a  chip 

,  which  pad  is  connected  by  strips  6  and  7  with  the 
carrier  rails  1  and  2.Leadframe  strips  are  usually 
stamped  from  copper  alloy  or  nickel  iron  material. 

After  stamping  metal  strip  for  forming  the  lead- 
frame  strip  consisting  of  interconnected  lead- 
frames.said  leadframe  strip  can  be  coated  with  a 
palladium  silver  alloy  for  instance  by  using  a  meth- 
od  as  indicated  in  the  afore  mentioned  publications 

.  Subsequently  hatched  area  A  in  the  drawing  can 
be  plated  selectively  with  a  precious  metal  as 

Claims 

so  1  .  Method  for  producing  a  solderable  finish  on 
leadframes  to  be  used  for  the  manufacture  of  in- 
tegrated  circuits  or  other  semi  conductor  compo- 
nents  and  made  by  attaching  a  chip  to  the  lead- 
frame  and  by  connecting  the  chip  by  means  of  thin 

55  wires  to  further  parts  of  the  leadframe.whereby  said 
wires  are  bonded  or  cold  welded  to  said  further 

parts  of  the  leadframe  ,  characterized  in  that  prior 
to  mounting  the  chip  on  the  leadframe  there  is 
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provided  on  the  leadframe  a  solderable  coating 
consisting  of  an  alloy  of  palladium  and  silver  having 
a  palladium  content  of  10-90%  by  weight. 

2.  Method  according  claim  1  ,  characterized  in 
that  there  is  used  an  alloy  of  palladium  and  silver  5 
comprising  approx.  30%  palladium. 

3.  Method  according  claim  1  or  2  ,  character- 
ized  in  that  the  alloy  of  palladium  and  silver  is 
provided  in  a  layer  with  a  thickness  of  minimum 
0,05  micrometer,  preferably  0.10-0.15  micrometer.  ?o 

4.  Method  according  any  of  the  preceding 
claims.characterized  in  that  prior  to  providing  the 
coating  of  paladium-silver  alloy  on  the  leadframe 
there  is  provided  a  coating  of  nickel  . 

5.  Method  according  claim  4  ,  characterized  in  75 
that  the  nickel  is  applied  in  a  layer  having  a  thick- 
ness  of  minimum  0.5  micrometer  preferably  1-2 
micrometer. 

6.  Product  manufactured  by  using  the  method 
according  any  of  the  preceding  claims.  20 
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